Tuberculosis remains a major health problem in many areas of the world. Previous research suggested that the frequency of bone lesions has decreased in the modern (but pre-antibiotic) period, and that the predominantly spinal involvement have changed to affect other parts of the skeleton, in particular ribs. The purpose of this study was to investigate whether bone lesions associated with TB became more or less common in the post-antibiotic period, and if the pattern of skeletal involvement has changed. The skeletons of 147 individuals from South Africa who died from TB were assessed. These were divided into three groups -those dying before 1950 and presumed to have had no antibiotic intervention (n=52); those dying between 1950 and 1985 presumed to have been treated with antibiotics (n=34); and those dying after 1985 where co-infection with 2 HIV and drug-resistant disease emerged (n=61). Overall, 33.3% of all individuals showed signs that could be associated with TB, with corresponding figures in each of the three groups being 21.1%, 38.2% and 41.0%. The increase from group 1 to 3 was statistically significant. Rib lesions are becoming more common, while spinal lesions are decreasing.
Introduction
Tuberculosis is a chronic infectious disease caused by Mycobacterium tuberculosis, and a multitude of publications have appeared that outline the history of this disease, [1] [2] [3] [4] its rise and fall in different countries and across various time periods [5] [6] [7] and not the least its molecular evolution and genetic make-up. [8] [9] [10] [11] TB remains a major health concern, such that it was declared a global emergency in 1993 by the WHO, 12 as at the time it was estimated that half of all individuals that developed the disease died within six to 24 months. 13 Knowledge of past incidences and signs as well as the spread of TB can inform our understanding of this condition and health practices of today. 14 As is the case with many other diseases and micro-organisms, Mycobacterium tuberculosis undergoes continuous evolution. The genetic diversity of this microbe allows for any one variant, when placed in a changing host environment, to become a dominant form of the disease, allowing for such a strain to operate successfully between different species and geographical locations. 4 In doing so, the presentation of this disease also changes. Recently, for example, it has been argued that the frequency of bone involvement has decreased over time, and that bony lesions tend to become less common in the spine but more common elsewhere. 7 Among the major events/influences in the long course of this disease are the development of immunizations, the development of antibiotics in the mid 1940's, and the emergence of HIV. In recent years the appearance of drug-resistant and highly drug-resistant TB has also become particularly problematical. A combination of factors, including crowded living conditions and poor access to health care, have aided in the formation of drug-resistant TB. Poor compliance amongst patients to take the full course of medication which lasts six to 18 months has also contributed immensely to the development of drug-resistant strains. Even though a patient may feel better after only three months of treatment, full treatment lasting several months is needed to eradicate all the bacilli. 15 Possible reasons for failure to comply with treatment specifications include poor access to public health care, drug provisions, i.e. unavailability of drugs, and ignorance to and/or absence of knowledge regarding the disease.
A major factor that contributed to the increased incidence of tuberculosis in modern times is HIV infection. HIV was first recognized as a disease in 1985, 16 and co-infection with both HIV and TB has become common. HIV compromises the immune system, making it more susceptible to infection. An estimated 8 million people world-wide were co-infected with HIV and TB by 1998, 17 making HIV the single most important risk factor for contracting TB. 18 HIV is also frequently the cause of progression of dormant disease into full-blown TB and causes rapid progression of the disease. 19 HIV-related TB is most common in Sub-Saharan countries, making up 79% of such cases known worldwide. 20 TB is now the most common cause of HIV-related deaths, and occurs in at least a third of HIV positive people in sub-Saharan Africa. 17 The emergence of drug-resistant TB and the spread of HIV are especially important in South Africa that ranks third in the world (after India and China) as far as the incidence of TB is concerned, 21 and where both co-infection with HIV and drug resistance are common. The first case of multidrug-resistant TB (MDR-TB) was recorded in the Western Cape in 1985, 22 whereas the first cases of extensively drug resistant TB (XDR-TB) were reported from Kwazulu Natal in 2006. 23 These major events are very likely to have changed the skeletal expressions of this disease, which will be the focus of this paper.
The spine has been reported as the most commonly affected part of the skeleton, where lytic lesions are most often observed in the vertebral bodies of the thoracic and lumbar regions. Neural arches and other elements of the vertebrae are usually spared, and this condition has in the past sometimes resulted in kyphosis of the spine commonly referred to as Pott's disease. 2, 24 Various other parts of the skeleton, including the ribs, hip joint, long bones and other joints (e.g. knee and sacro-iliac) can also show signs of skeletal tuberculosis, but these lesions may be difficult to distinguish from lesions of other etiologies. 2, 24 Previous research has reported on the incidence of skeletal tuberculosis, mostly relating to the pre-antibiotic era. In general, it has been reported that the skeleton is involved in about 3 -5% of cases with TB, [25] [26] [27] although incidences as high as 30% have been reported. 28 Many sources quote the spine as being the most commonly involved area, followed by weight-bearing joints such as the hip and knee.
Recently several studies have been conducted to assess rib involvement, The purpose of this study was to assess the trends in tuberculosis-associated skeletal changes in modern South African individuals, in order to gain insight into the coevolution of the pathogen and its host in recent times. Skeletons of individuals who died from TB in the pre-and post-antbiotic era were assessed and compared. These were also compared to frequencies of skeletal involvement in individuals dying after 1985, when co-infection with HIV became more common and drug resistant TB emerged. Two null hypotheses for this study will be tested; namely (a) the overall frequency of skeletal lesions has not changed through time and in particular in the post-antibiotic era, and (b) the distribution of lesions in the skeleton has not changed throughout the time periods observed. Frequencies of skeletal involvement in the three groups were compared by means of a Kolmogorov-Smirnov analysis, and correlation coefficients were calculated to assess the relationship between age of individuals and skeletal changes. Following Holloway and colleagues' example, 7 skeletons with signs of skeletal TB were further subdivided into those with rib involvement only, spinal involvement only, both rib and "other" and spine and "other" involvement. The "other" group included changes in joints and endocranial fossa and individuals with widespread lesions reminiscent of pulmonary hypertrophic osteoarthropathy. 3, [43] [44] [45] These two individuals will be discussed in more detail under the results section.
Material and methods

Known
Results
It is extremely difficult to specifically diagnose any disease based on skeletal changes only, and TB is no exception. Bone has a limited response to insults, and therefore can react in a limited number of ways. Many of the bony changes are therefore non-specific, and cannot be attributed to a specific disease. In this study, many cases were noted where only non-specific signs of disease were present. These mostly occurred in the form of new (woven) bone deposition on the long bones, in particular the distal tibia and radius. Also, some of the observed cranial lesions had a circular appearance which may be more reminiscent of treponemal infection 2,24 although none of them had saber-shin tibiae or other definitive signs of treponemal disease. Possible co-infection with other disease thus complicated the analysis of the data. Taking this into account, the individuals in each of the date-of-death cohorts were divided into three sub-groups for further analysis. The first sub-group (sub-group A) included all individuals who had no skeletal signs of infectious disease. Sub-group B included all individuals with nonspecific changes and changes that may have been due to other infectious diseases. All individuals with vertebral changes (Figure 1 ), new bone formation on the visceral sides of the ribs ( Figure 2 ) and joint involvement ( Figure 3 ) were included in Sub-group C, which was seen to represent individuals with skeletal signs of TB. In this sub-group were also included endocranial lesions, e.g., one individual with a destructive lesion in the anterior cranial fossa (Figure 4 ), and individuals with massive bony changes which can most probably be described as pulmonary hypertrophic osteoarthropathy ( Figure 5 ).
Preservation was in most cases excellent, as the material is derived from cadavers used for collection. In a few cases some of the major long bones or a skull was missing and was so noted.
A total of 147 individuals were included in the analysis, and their demographic composition is shown in Table 1 . The vast majority of individuals were male (n = 134), with only 13 females. Ages ranged between 20 and 90, with a mean age of 47.2 years.
The mean ages for the three groups were similar and ranged from 42.6 to 49.7. Only two individuals were of European descent, all others were of African descent. This skewed demography should not be seen to reflect mortality patterns, but rather as being the result of collection practices. In all South African skeletal collections African males are the best represented group, and many of the individuals under study can be assumed to have been migrant labourers at the mines around the Witwatersrand. Table 2 shows the numbers of skeletons without any lesions, those with nonspecific lesions, and those with lesions deemed to be associated with TB. As can be seen More information on each of the 49 individuals with skeletal changes deemed to be due to TB is shown in the Appendix.
Kolmogorov-Smirnov tests were conducted to assess whether there are any marked differences between the underlying distributions of the three groups. These results are summarized in Table 3 . The most notable difference arose when only the cases showing skeletal signs of TB were taken into consideration (thus excluding the individuals with non-specific changes). The smallest p-value obtained was between groups 1 and 3
indicating that there is a marked difference (at an 84% level of significance) between these two groups. The difference between groups 1 and 3 were also statistically significant at p<0.05 using a Chi-squared analysis.
Furthermore, a Student's t-test for the equality of means was conducted -the results of which are shown in Table 4 . These further reiterate that there are marked differences between groups 1 and 3 and a lesser (but still noticeable) difference between groups 1 and 2. The above analyses indicated that there is little significant difference between groups 2 and 3. For cases without TB (Sub-group B; non-specific changes) the same tests were done. It can be concluded that the effects between groups are more or less stable and no significant differences in the underlying distributions are observed.
A Pearson's correlation coefficient was calculated to assess whether there is a significant correlation between the presence of skeletal lesions and the age of individuals.
This correlation was found to be 0.022125, which is close to zero, implying that there is little to no linear correlation between age at death of TB patients in this sample and the number with lesions present. For the correlation between the year of death and the number of individuals with lesions, a correlation coefficient of 0.134283 was calculated.
This means that there is a 13.43% positive but weak linear correlation between the year of death and the number of individuals with lesions. Table 5 shows the prevalence of skeletal lesions in the complete skeleton. Here, once again, co-infection with other disease may have confounded the results. For example, it is possible that a person may have had rib lesions (placing him into the group described as having skeletal changes attributable to TB), but also a cranial lesion caused by a different condition. This may explain the high number of individuals (Na = 10) who displayed cranial lesions. As expected, ribs were the bony elements most commonly involved.
Very few individuals had vertebral lesions, and if it occurred it was most commonly found in the lumbar vertebrae. However, none had the classic Pott's disease. Also, six individuals had lesions (three unilateral and three bilateral) on the ventral side of the scapulae, and eight had pathological changes in the pelvis. Five individuals had changes in hand bones, and four in foot bones. Femora, tibiae and fibulae frequently showed subperiosteal bone deposition. Only three individuals had joint destruction -one in a hip joint, one in an elbow and another in both a knee and a wrist.
Out of the 49 individuals with signs of TB, 35 (71.4%) had rib lesions, of which 25 had unilateral and 10 bilateral lesions. As expected, rib lesions were more common on the right (59.2% of affected individuals) than left sides (32.7%).
Figures 6 & 7 show data for those skeletons (n = 49) with signs of TB. Figure 6 shows the relative proportions of individuals with lesions on the ribs only, lesions on the ribs and other areas of the skeleton and lastly, lesions only in other skeletal locations, in the three respective year-of-death groups. The percentage of individuals with rib lesions can be seen to increase from group 1 to group 2, again decreasing slightly in the most recent group. Conversely, in the pre-antibiotic era, vertebral lesions were common with more than 50% of affected individuals showing spinal involvement ( Figure 7 ). This decreased in group 2 and again to less than 20% in group 3.
Two individuals had advanced, widespread bone deposition on several bones ( Figure   5 ). Both were males, and both died after 1985 (both in 1991). It is interesting to note that in neither of the two cases the skull, vertebrae or ribs were affected, and the bony changes were mainly present on the appendicular skeleton. These changes are most probably due to hypertrophic pulmonary osteoarthropathy, a condition which results due to long-term disease, often related to lung infections. It is marked by massive periostitis of the long bones. [43] [44] [45] Two others had the same widespread changes, but to a lesser degree (see Appendix for more detail).
Discussion
The emergence and reemergence of infectious disease has been proposed to be due to 5 possible reasons: cross-species transfer, spatial diffusion, pathogenic evolution, new descriptions of pathogens that have been present for long but are "newly" recognized and a change in human-environment relationships. 46 Although never completely eradicated, the emergence of drug resistant disease (as in the case of TB) can be ascribed to both the Vitamin deficiencies and other infectious diseases may thus also have been responsible for these changes. If these inconclusive changes are taken into account, 44% -66% (in the three groups) of individuals assessed here showed some skeletal changes, again suggesting that bony involvement in TB is becoming more common.
In this study no attempt was made to distinguish between active, healing and healed lesions. Although most of the lesions were probably active, it is not impossible that some of them may have healed initially with antibiotic treatment, but that the disease then progressed in other parts of the body such that eventually it lead to the demise of the individual.
This paper elucidated aspects of the evolution of disease and the co-evolution of host and organism. In the Holloway et al. paper 7 it was mentioned that their study was the only one to investigate the distribution of lesions over time, and the current paper contributes to our knowledge of trends in this important disease, despite shortcomings such as the relative small sample size and the selective nature of the sample. This paper fills the gap in our knowledge as to what happened after the introduction of antibioticswhereas it was reported that in recent times (but before antibiotic intervention) 7, 49 there was a decrease in TB bone lesions, this paper suggests that not only is the frequency of skeletal involvement increasing, but the distribution of the lesions are also changing.
This, however, may only be true for the southern African regions and remains to be confirmed in other areas of the world. Through our human intervention with the development of drugs, the increased resistance of organisms, and subsequent development of better drugs, patients are surviving for longer with this chronic disease, possibly providing more opportunity for the development of skeletal lesions
Conclusion
In conclusion, both null hypotheses for this study were rejected. It seems that the overall frequency of skeletal lesions has changed through time, and particular in the postantibiotic era skeletal involvement is becoming more common. Additionally, the distribution of lesions in the skeleton has changed, such that rib lesions are becoming more common, as opposed to spinal lesions that are decreasing. Table 2 Frequency distribution of individuals displaying no signs of TB (Sub-group A), nonspecific signs (Sub-group B) and signs that could be associated with TB (Sub-group C Fig. 5a shows the anterior surface of the right distal radius and ulna and 5b the anteromedial surface of the right tibia 
